INTRODUCTION
After a number of meetings and workshops, a group of representatives from 27 organizations adopted by consensus a IIProtocol for the design, conduct, and interpretation of collaborative studies,lI which was published in Pure & Appl. Chem. 60, [855] [856] [857] [858] [859] [860] [861] [862] [863] [864] 1988 . A number of organizations have accepted and used this protocol.
As a result of their experience and the recommendations of the Codex Committee on Methods of Analysis and Sampling (Joint FAO/WHO Food Standards Programme, Report of the Eighteenth Session, 9-13 November, 1992; FAO, Rome Italy, ALINORM 93/23, Sections 34-39), three minor revisions were recommended for incorporation into the original protocol. These are: (1) Delete the double split level design because the interaction term it generates depends upon the choice of levels and if it is statistically significant, the interaction cannot be physically interpreted. (2) Amplify the definition of "material.
(3) Change the outlier removal criterion from 1% to 2.5%.
The revised protocol incorporating the changes is reproduced below. Some minor editorial revisions to improve readability have also been made. The vocabulary and definitions of the document IINomenclature of Interlaboratory Studies (Recommendations 1994) l1 [published in Pure Appl. Chem., 66, 1903 Chem., 66, -1911 Chem., 66, (1994 l has been incorporated into this revision, as well as utilizing, as far as possible, the appropriate terms of the International Organization for Standardization (ISO), modified to be applicable to analytical chemistry. PROTOCOL 1.0 Preliminary work Method-performance (collaborative) studies require considerable effort and should be conducted only on methods that have received adequate prior testing. Such within-laboratory testing should include, as applicable, information on the following:
Preliminary estimates of Drecision Estimates of the total within-laboratory standard deviation of the analytical results over the concentration range of interest; as a minimum at the upper and lower limits of the concentration range, with particular emphasis on any standard or specification value.
NOTE 1: The total within-laboratory standard deviation is a more inclusive measure of imprecision than the IS0 repeatability standard deviation, 8 3 . 3 below. This standard deviation is the largest of the within-laboratory type precision variables to be expected from the performance of a method; it includes at least variability from different days and preferably from different calibration curves. It includes between-run (between-batch) as well as within-run (within-batch) variations. In this respect it can be considered as a measure of within-laboratory reproducibility. Unless this value is well within acceptable limits, it cannot be expected that the between-laboratory standard deviation (reproducibility standard deviation) will be any better.
This precision term is not estimated from the minimum study described in this protocol.
NOTE 2:
The total within-laboratory standard deviation may also be estimated from ruggedness trials that indicate how tightly controlled the experimental factors must be and what their permissible ranges are. These experimentally determined ranges should be incorporated into the description of the method.
Svstematic error (bias) Estimates of the systematic error of the analytical results over the concentration range and in the substances of interest; as a minimum at the upper and lower limits of the concentration range, with particular emphasis on any standard or specification value. The results obtained by applying the method to relevant reference materials should be noted.
Recoveries
The recoveries of Ilspikesll added to real materials and to extracts, digests, or other treated solutions thereof. 1.0.4 Awwlicabilitv The ability of the method to identify and measure the physical and chemical forms of the analyte likely to be present in the materials, with due regard to matrix effects. 1.0.5 Interference The effect of other constituents that are likely to be present at appreciable concentrations in matrices of interest and which may interfere in the determination. 
Method cornwarison
The results of comparison of the application of the method with existing tested methods intended for similar purposes. 1.0.7 Calibration wrocedures The procedures specified for calibration and for blank correction must not introduce important bias into the results.
The method must be clearly and unambiguously written. Desisn of the method-performance studv
Number of materials
For a single type of substance, at least 5 materials (test samples) must be used; only when a single level specification is involved for a single matrix may this minimum required number of materials be reduced to 3. For this design parameter, the two portions of a split level and the two individual portions of blind replicates per laboratory are considered as a single material.
NOTE 1:
A material is an "analyte/matrix/concentration" combination to which the method-performance parameters apply. This parameter determines the applicability of a method. For application to a number of different substances, a sufficient number of matrices and levels should be chosen to include potential interferences and the concentrations of typical use. NOTE 2: The 2 or more test samples of blind or open replicates statistically are a single material (they are not independent).
NOTE 3:
A single split level (Youden pair) statistically analyzed as a pair is a single material; if analyzed statistically and reported as single test samples, they are 2 materials. In addition, the pair can be used to calculate the within-laboratory standard deviation, s,, as
measurement." However, if the blank is merely a procedural control in macro analysis (e.g., fat in cheese) , it would not be considered a material.
Number of laboratories At least 8 laboratories must report results for each material; only when it is impossible to obtain this number (e.g., very expensive instrumentation or specialized laboratories required) may the study be conducted with less, but with an absolute minimum of 5 laboratories.
If the study is intended for international use, laboratories from different countries should participate.
In the case of methods requiring the use of specialized instruments, the study might include the entire population of available laboratories. In such cases, l l n l l is used in the denominator for calculating the standard deviation instead of ll(n -l ) . t l Subsequent entrants to the field should demonstrate the ability to perform as well as the original participants.
. 3
Number of revlicates The repeatability precision parameters must be estimated by using one of the following sets of designs (listed in approximate order of desirability) :
. 3 . 1
Svlit level For each level that is split and which constitutes only a single material for purposes of design and statistical analysis, use 2 nearly identical test samples that differ only slightly in analyte concentration (e.g. , < 1 -5 % ) . Each laboratory must analyze each test sample once and only once.
NOTE :
The statistical criterion that must be met for a pair of test samples to constitute a split level is that the reproducibility standard deviation of the two parts of the single split level must be equal. Combination blind revlicates and split level Use split levels for some materials and blind replicates for other materials in the same study (single values from each submitted test sample).
Blind revlicates
For each material, use blind identical replicates; when data censoring is impossible (e.g., automatic input, calculation, and printout), nonblind identical replicates may be used.
Known revlicates For each material, use known replicates ( 2 or more analyses of test portions from the same test sample), but only when it is not practical to use one of the preceding designs.
Indevendent analyses
Use only a single test portion from each material (i.e., do not perform multiple analyses) in the study, but rectify the inability to calculate repeatability parameters by quality control parameters or other within-laboratory data obtained independently of the method-performance study. Valid data Only valid data should be reported and subjected to statistical treatment. Valid data are those data that would be reported as resulting from the normal performance of laboratory analyses; they are not marred by method deviations, instrument malfunctions, unexpected occurrences during performance, or by clerical, typographical and arithmetical errors, One-way analysis of variance One-way analysis of variance and outlier treatments must be applied separately to each material (test sample) to estimate the components of variance and repeatability and reproducibility parameters.
Initial estimation -Calculate the mean, x ( = the averacle of laboratorv averases), repeatability relative standard deviation, RSD,, and reproducibility relative standard deviation, RSD,, with no outliers removed, but using only valid data.
Outlier treatment
The estimated precision parameters that must also be reported are based on the initial valid data purged of all outliers flagged by the harmonized 1994 outlier removal procedure. This procedure essentially consists of sequential application of the Cochran and Grubbs tests (at 2.5% probability ( P ) level, 1-tail for Cochran and 2-tail for Grubbs) until no further outliers are flagged or until a drop of 22.2% ( = 2/9) in the original number of laboratories providing valid data would occur.
NOTE :
Prompt consultation with a laboratory reporting suspect values may result in correction of mistakes or discovering conditions that lead to invalid data, 3.1. Recognizing mistakes and invalid data per se is much preferred to relying upon statistical tests to remove deviate values. value at each end, P = 2.5% overall. Remove any laboratory(ies) flagged by these tests whose critical value exceeds the tabular value given in the appropriate column of the table, Appendix A.3.3. Stop removal when the next application of the test will flag as outliers more than 22.2% (2 of 9) of the laboratories.
The Grubbs tests are to be applied one material at a time to the set of replicate means from all laboratories, and not to the individual values from replicated designs because the distribution of all the values taken together is multimodal, not Gaussian, i.e., their differences from the overall mean for that material are not independent. [Marginal] Recovery, % = (Total analyte found -analyte originally present) x 100/ (analyte added) Although the analyte may be expressed as either concentration or amount, the units must be the same throughout.
When the quantity of analyte is determined by analysis, it must be determined in the same way throughout.
Analytical results should be reported uncorrected for recovery. Report recoveries separately. given study N (=kLm for an overall balanced design)
If other symbols are used, their relationship to the recommended symbols should be explained fully.
A. 2 APPENDIX 2 DEFINITIONS Use the following definitions. The first three definitions utilize the IUPAC document "Nomenclature of Interlaboratory Studiesll (approved for publication 1994). The next two definitions are assembled from components given in IS0 3534-1:1993. All test results are assumed to be independent, i.e. , "obtained in a manner not influenced by any previous result on the same or similar test object. Quantitative measures of precision depend critically on the stipulated conditions. Repeatability and reproducibility conditions are particular sets of extreme stipulated conditions."
A.2.1 Method-performance studv An interlaboratory study in which all laboratories follow the same written protocol and use the same test method to measure a quantity in sets of identical test items [test samples, materials].
The reported results are used to estimate the performance characteristics of the method. Usually these characteristics are within-laboratory and among-laboratories precision, and when necessary and possible, other pertinent characteristics such as systematic error, recovery, internal quality control parameters, sensitivity, limit of determination, and applicability.
A.2.2
Laboratory-verformance studv An interlaboratory study that consists of one or more analyses or measurements by a group of laboratories on one or more homogeneous, stable test items, by the method selected or used by each laboratory. The reported results are compared with those of other laboratories or with the known or assigned reference value, usually with the objective of evaluating or improving laboratory performance.
A.2.3
Material certification studv An interlaboratory study that assigns a reference value (!!true valuell) to a quantity (concentration or property) in the test item, usually with a stated uncertainty.
A.2.4
Repeatability limit (r) When the mean of the values obtained from two single determinations with the same method on identical test items in the same laboratory by the same operator using the same equipment within short intervals of time, lies within the range of the mean values cited in the Final Report, 4.0, the absolute difference between the two test results obtained should be less than or equal to the repeatability limit (r) [ = 2.8 x s,] that can generally be inferred by linear interpolation of 6 , from the Report.
NOTE :
This definition, and the corresponding definition for reproducibility limit, has been assembled from five cascading terms and expanded to permit application by interpolation to a test item whose mean is not the same as that used to establish the original parameters, which is the usual case in applying these definitions. The term "repeatability [and reproducibility] limit" is applied specifically to a probability of 95% and is taken as 2.8 x s, [or sRl .
The general term for this statistical concept applied to any measure of location (e.g., median) and with other probabilities (e.g., 99%) is !Irepeatability [and reproducibility] critical difference."
A.2. 5
Retxoducibili tv limit (R)
When the mean of the values obtained from two single determinations with the same method on identical test items in different laboratories with different operators using different equipment, lies within the range of the mean values cited in the Final Report, 4.0, the absolute difference between the two test results obtained should be less than or equal to the reproducibility limit (R) [ = 2.8 x s,] that can generally be inferred by linear interpolation of s, from the Report.
When the results of the interlaboratory test make it possible, the value of r and R can be indicated as a relative value (e.g. , as a percentage of the determined mean value) as an alternative to the absolute value.
When the final reported result in the study is an average derived from more than a single value, i.e., k is greater than 1, the value for R must be adjusted according to the following formula before using R' to compare the results of single routine analyses between two laboratories:
Similar adjustments must be made for replicate results constituting the final values for s, and RSD, if these will be the reported parameters used for quality control purposes.
The repeatability limit , r, may be interpreted as the amount within which which two determinations should agree with each other within a laboratory 95% of the time. The reproducibility limit, R, may be interpreted as the amount within which two separate determinations conducted in different laboratories should agree with each other 95% of the time.
Estimates of s, can be obtained only from a planned, organized method-performance study; estimates of s, can be obtained from routine work within a laboratory by use of control charts. For occasional analyses, in the absence of control charts, withinlaboratory precision may be approximated as one half s, (Pure & Appl. Chem., 62, 149-162 (19901, Sec. 1.3, Note.).
A.2.6
One-way analysis of variance One-way analysis of variance is the statistical procedure for obtaining the estimates of within-laboratory and between-laboratory variability on a material-by-material basis.
Examples of the calculations for the single level and single-split-level designs can be found in IS0 5725-1986. variance is of <he total variance; r = number-of replicates. Tables A.3 .1 and A.3.3 were calculated by R. Albert (October, 1993) by computer simulation involving several runs of approximately 7000 cycles each for each value, and then smoothed. Although Table A.3.1 is strictly applicable only to a balanced design (same number of replicates from all laboratories), it can be applied to an unbalanced design without too much error, if there are only a few deviations.
A.3.4
Calculation of the Grubbs test values To calculate the single Grubbs test statistic, compute the average for each laboratory and then calculate the standard deviation (SD) of these L averages (designate as the original s ) . Calculate the SD of the set of averages with the highest average removed (sH); calculate the SD of the set of averages with the lowest average removed (sL). Then calculate the percentage decrease in SD for both as follows: 100 x [l -(s,/s)l and 100 x [1 -(s,/s)l.
The higher of these two percentage decreases is the single Grubbs test statistic, which signals the presence of an outlier to be omitted at the P = 2.5% level, 2-tail, if it exceeds the critical value listed in the single value column, Column 2, of Table A 
